Objective: To explore late effects of temporal lobe resection (TLR) for epilepsy on general cognitive level and memory.
Despite the longstanding interest in the cognitive effects of temporal lobe resection (TLR) for epilepsy, 1 most studies concern cognitive outcome 1-2 years postoperatively. However, epilepsy surgery is a major undertaking and patients as well as treating clinicians need information on what to expect in a longer perspective. Results from 3 recent long-term studies are not consistent. [2] [3] [4] Progressive decline at group level in memory 2,3 following both dominant temporal lobe (DTL) and nondominant temporal lobe (NDTL) resections has been reported, but also an ongoing memory decline up to 2 years after DTL resection, which then leveled off. 4 In 1 study, unsuccessful epilepsy surgery was shown to accelerate memory decline, while seizure freedom stopped or reversed it. 3 However, no relationship between seizure freedom and less severe memory decline was found in the other 2 studies. 2, 4 In order to differentiate late cogni-tive effects of surgery from age-related changes over time, comparisons with healthy controls are necessary. So far, none of the longitudinal long-term studies of cognition has included serial assessments of both patients and controls with intervals as long as 10 years.
The aims of the present study were to 1) explore long-term cognitive changes after TLR for epilepsy, 2) investigate whether memory deterioration after DTL resection is residual or progressive over time, and 3) investigate if memory decline at long term relates to seizure outcome.
METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the local Medical Ethics Committee of the University of Gothenburg. Consent for research was obtained from all patients and controls.
Subjects. From 1997 onwards, all patients at our center have been offered a cognitive follow-up 10 years after TLR for epilepsy in addition to the 2-year follow-up. For this study, patients operated from September 1987 to May 1998 (n ϭ 62) were included. Exclusion criteria were major surgical complications or intercurrent severe disorders that could influence cognitive function. At long-term follow-up, 5 patients had died, 4 were excluded due to severe illness or surgical complications, 1 patient lived abroad, and 1 patient chose not to participate, while the remaining 51 accepted. Of these, 23 had seizures originating in the DTL and 28 in the NDTL. Speech dominance was left in 49 and right in 2 patients (determined by the intracarotid amobarbital procedure). 5 A comprehensive preoperative investigation was performed in all patients. 6 Eleven patients (22%) had bitemporal interictal discharges; none had bitemporal MRI abnormalities. The surgical approach changed somewhat during the time period. 7 In the first 30 patients, a classic anterior temporal lobe resection (ATL) was performed. From 1994 and for the following 21 patients, a modified ATL including an amygdalohippocampectomy but sparing more of the lateral temporal lobe and the superior temporal gyrus in particular was used.
The patients had undergone neuropsychological evaluation preoperatively (baseline), at medium term 2 years after surgery (median interval 2.8 years), 8, 9 and at long term 10 years after surgery (median interval 10.9 years).
Thirty neurologically healthy subjects were assessed at baseline, 25/30 were retested at medium-term follow-up, and 26/30 were retested at long-term follow-up. Data from the 23 controls who underwent all assessments were used in the study (mediumterm median interval 3.1 years, long-term median interval 9.9 years). The controls were recruited among the patients' friends, coworkers, and spouses, i.e., persons with similar sociocultural circumstances, chronological age, length of education, and sex. A first report included the first 25 patients who had undergone the medium-term and long-term follow-up and a comparison with the medium-term follow-up of the controls. 10 Test procedures. Test instruments used were part of a comprehensive standard epilepsy surgery assessment. Test details in-cluding test-retest reliability coefficients based on the controls have been given elsewhere. [9] [10] [11] General cognitive level. General cognitive level was assessed with Wechsler Adult Intelligence Scale-Revised (WAIS-R): fullscale IQ (FSIQ), verbal IQ (VIQ), and performance IQ (PIQ). 12, 13 Verbal memory. The Claeson-Dahl Learning and Retention Test (CD) assesses learning and retention of a word list. 14, 15 The learning process (weighted sum [WS]) consists of 10 words presented verbally and recalled after a 15-second delay. The procedure is repeated until the subject has recalled the entire list correctly twice or has had 10 trials. Retention is assessed after 30 minutes (delayed recall [DR] ) and consists of the number of words retrieved as a percentage of the maximum number of learned words. Alternate versions with the same degree of difficulty were used at follow-up. The Cronholm-Molander Memory Test (CM), verbal part, assesses immediate and delayed recall of 30 paired associated words. 16, 17 The word pairs are presented 10 by 10, simultaneously verbally and visually. Retention is assessed immediately after each presentation (immediate recall [IR]) and after 3 hours (DR). Two alternate versions were used, in which the word pairs were chosen with regard to counterbalance. Both tests are standardized methods commonly used in Sweden. 18, 19 Visual memory. The CM, visual part, assesses immediate and delayed recognition of 30 familiar objects. 16, 17 The objects are visually presented, pointed to, and named by the examiner. Recognition (the 30 objects interfoiled with 30 distracters) is assessed immediately and after 3 hours. The Rey-Osterrieth Complex Figure Statistical methods. A linear mixed model for a repeatedmeasures covariance pattern model with unstructured covariances within subjects was used. Two fixed effects were included: 1 between-subjects treatment effect (group: DTL, NDTL, control) and 1 within-subject time effect (time: 2 years, 10 years). A possible difference in treatment across 2-and 10-year follow-up was analyzed by time ϫ treatment interactions. The analyses in the mixed model were adjusted with baseline scores as covariate. Additional analyses of within-group changes from baseline to 2 years and from baseline to 10 years were performed with the Wilcoxon signed-rank test. Raw scores were analyzed with the exception of sum scores of VIQ and PIQ. Change scores from baseline to 2 years and from baseline to 10 years were obtained by subtracting raw scores from the different test occasions. Missing data were not replaced. When significant group differences were obtained in the mixed model at 10-year follow-up, 2 additional analyses were made. Effect size of group difference in change scores from baseline to 10 years was described by Cohen's d. Further, the relationship between test scores and continuing seizures and AED treatment was analyzed. Group comparisons of these scores were made between patients with or without seizures and with or without AED with Mann-Whitney U test. When significant group differences were found for seizures and AED, an additional stepwise backward logistic regression was performed to identify the strongest correlate to the test results. Probability for stepwise removal was 0.06. Test results at 10-year follow-up, dichotomized into scores below or on/above the median, were the dependent variable. Independent variables were seizures (yes/no) and AED treatment (yes/no).
RESULTS
Medical and demographic data. Patient data are summarized in table 1. There were no differences between patients and controls at baseline, medium-term follow-up, or long-term follow-up concerning chronological age or length of education (z values Ϫ1.3 to Ϫ0.65). Mean age at baseline was 35.3 (SD 9.4) years for controls, and mean length of education was 11.1 (SD 1.8) years for DTL, 11.2 (SD 1.9) years for NDTL, and 11.6 (SD 2.0) years for controls. Mean FSIQ for controls at baseline was 101.4 (SD 10.5), at medium term 104.8 (SD 12.1), and at long term 109.0 (SD 11.2). The patients' test interval was shorter than the controls' at mediumterm follow-up (z ϭ 3.1, p ϭ 0.002) and longer at long-term follow-up (z ϭ 5.3, p Ͻ 0.001). Age at epilepsy onset and epilepsy duration at baseline yielded no differences between DTL and NDTL; neither did seizure frequency, number of AED, chronological age, or length of education at baseline, 2 years, and 10 years after surgery (z values Ϫ1.9 to Ϫ0.15). There were no differences between the 2 subgroups in test interval between baseline and medium-term follow-up (z ϭ Ϫ1.9) or between medium-term and long-term follow-up (z ϭ Ϫ1.7).
Sixty-one percent (n ϭ 31) of the patients were seizure-free (without or with aura, International League Against Epilepsy class 1 and 2) 23 2 years after surgery (DTL: 65%; NDTL: 57%). Only 1 patient (NDTL) was off AED. Ten years postoperatively, 67% (n ϭ 34) were seizure-free (DTL: 74%; NDTL: 61%). Forty-one percent (n ϭ 14) of the seizure-free patients were off AED (DTL: 35%; NDTL: 47%). The proportion of females was 51% for patients and 47% for controls. General cognitive level. For VIQ, no treatment effect was found ( p ϭ 0.77) and all adjusted 95% confidence intervals (CI) for difference between the groups at 10-year follow-up contain 0, indicating no differences. For PIQ, a treatment effect was found ( p ϭ 0.041) and the adjusted mean difference between the NDTL and the controls was 6.25, 95% CI 1.4 -11.1 (table 3) , with inferior scores in the NDTL group (figure, B). For the change scores from baseline to 10 years, the effect size for PIQ between the NDTL and controls was Cohen's d 0.68.
For both IQ variables, time effects from 2 to 10 years were obtained (VIQ, p ϭ 0.002; PIQ, p Ͻ 0.001) (table 3) , indicating a change in performance across time. An increase in VIQ was found both in the NDTL ( p ϭ 0.038) and in the controls ( p Ͻ 0.001) from baseline to 10 years. For PIQ, an increase from baseline to 10 years was found in the DTL ( p Ͻ 0.001), NDTL ( p ϭ 0.002), and the control groups ( p Ͻ 0.001) ( ferences between the DTL and NDTL groups for all 4 variables and between the DTL group and controls for all variables except CD Word-List-WS. For the change scores from baseline to 10 years, a large effect size was observed between the DTL and NDTL group for CM Word-Pairs-IR (Cohen's d ϭ 0.86) and for CM Word-Pairs-DR (Cohen's d ϭ 0.73). For the remaining verbal memory variables, the effect sizes were in general medium. The within-group changes (table 2 and figure) suggest a similar pattern for all memory variables: a decrease of performance in the DTL group at 2-year follow-up followed by relatively stable performance at 10-year follow-up. This pattern was most marked for CM Word-Pairs (table 2: CM Word-Pairs-IR, DTL baseline to 2 years, mean Ϫ3.9, p ϭ 0.025, baseline to 10 years, mean Ϫ3.4, p ϭ 0.023; CM Word-Pairs-DR, DTL baseline to 2 years, mean Ϫ3.2, p ϭ 0.029, baseline to 10 years, mean Ϫ2.6, p ϭ 0.049).
No effects were obtained for time by group interactions (table 3 : p values 0.09 -0.98), suggesting that changes from 2 to 10 years were in general the same across the groups (see the figure, C-F).
Visual memory. No significant treatment effect was found for any of the visual memory variables and all adjusted 95% CI for difference between the groups at 10-year follow-up contain 0, indicating no differences (table 3) .
A time effect from 2 to 10 years was indicated (table 3) for within-subject differences in CM Object-Immediate Recognition ( p ϭ 0.039). No changes over time were found in the DTL and NDTL groups (table 2). A decrease in scores was obtained for the controls between baseline and 10year follow-up in CM Object-Immediate Recognition (table 2: mean Ϫ1.6, p ϭ 0.025). The general pattern in the controls in the 2 CM Object variables was a nonsignificant increase in scores at 2-year follow-up followed by a decrease at 10-year follow-up (figure, G-H).
Associations with epilepsy-related factors. In variables with group differences at 10-year follow-up (PIQ and verbal memory), an additional analysis was made to explore the relationship between test scores and seizure outcome and AED treatment. For the verbal memory variables, no difference was found between the seizure outcome groups ( p values 0.33-0.78) or between the AED treatment groups ( p values 0.42-0.51). For PIQ, the group with continuing seizures had lower mean, 97.4 (SD 14.1), compared to the seizure-free group, 108.3 (SD 13.4) ( p ϭ 0.004), and the AED treatment group had lower mean, 100.4 (SD 13.5), compared to the nontreatment group, 112.4 (SD 14.8) ( p ϭ 0.015). A stepwise backward logistic regression included continued seizures as the most important correlate to inferior PIQ scores (B ϭ Ϫ1.57, SE ϭ 0.608, p ϭ 0.010). AED treatment was excluded from the model. DISCUSSION This longitudinal prospective controlled study was designed to investigate long-term effects of TLR for epilepsy on cognition in general and on memory in particular. The main finding is cognitive stability between 2 and 10 years after TLR compared to healthy controls. In particular, the verbal memory deterioration found 2 years after DTL resection was not progressive up to 10 years postoperatively, lending no support to the notion of an ongoing progressive decline in verbal memory after TLR. 23 The verbal memory loss from baseline to 2 years after surgery was to be expected, since decline in verbal memory 1-2 years after (especially left) TLR for epilepsy has been consistently reported. 1, 24 On the other hand, the NDTL group showed a trend toward positive changes in verbal memory at 2-year follow-up, which may be interpreted as a result of release of function. 3, 25, 26 As already mentioned, the lack of long-term negative course in verbal memory contrasts with earlier findings that verbal memory deficits following left TLR continue 13 years after surgery. 2 However, in a study where longitudinal cognitive assessments were performed 6 months and 2 and 6 years after TLR, an ongoing verbal memory decline was found up to 2 years after left TLR, with no further decrease up to 6 years. 4 The reasons for such a dynamic memory decline are unclear, but the authors speculated that removal of hippocampus causes functional deficits elsewhere and that shrinkage of the hippocampal remnant is an ongoing degenerative process that most probably affects both the surrounding tissue and the connections of the mesial structures. 4 An association between progressive memory decline and seizure outcome has also been discussed 3 in terms of "double winners" (patients obtaining seizure freedom and verbal memory stability or recovery) and "double losers" (patients with continuing seizures and a negative verbal memory course). In our study, we could not confirm an association between seizure outcome and verbal memory course.
There may be several explanations for the discrepancies between study results. Since the medium-term follow-up in 2 of the studies 2,3 was 1 year after surgery, it is possible that memory decline over time at their long-term follow-up of 12.8 2 and 4.8 3 years represents changes from the first to the second postoperative year. At our center, the comprehensive neuropsychological medium-term follow-up is 2 years after surgery, and hence we cannot exclude an ongoing memory decline between 1 and 2 years. The long-term positive course in the IQ variables for patients and controls is interpreted as practice effects. Such effects have been reported earlier in epilepsy patients 27, 28 and in normal controls. 29, 30 The finding that the NDTL group improved less from baseline to 10 years in PIQ is interpreted as less pronounced practice effects. This might be explained by the influence of continuing seizures since the logistic regression analysis included seizures as the most important correlate to inferior PIQ scores, and seizure freedom was not as common in the NDTL as in the DTL group.
Furthermore, there are methodologic issues to consider, some relevant for observational studies in general, others more specific for longitudinal studies. 31 General problems include heterogeneity in series and presentations and inadequate information about, e.g., eligibility criteria, numbers potentially eligible, subjects lost to follow-up, and explanations of addressing missing data. Lack of such information makes it difficult to know how representative the samples are of the populations and to compare different study samples. Longitudinal studies in particular may suffer from skewed samples due to increasing numbers lost to follow-up at each point of measurement. This may give rise to a systematic bias, as Baxendale 1 states: "Because it is often the patients who are not rendered seizure free by surgery who stay in close contact with their neurology services, such studies may overestimate the cognitive and behavioral problems that can be associated with surgery."
A limitation of our study is the limited sample size, which might be one explanation for the lack of association between seizure outcome and verbal memory course. A strength of the study is that this patient cohort, prospectively followed over 10 years, can be considered representative of the epilepsy surgery population in Sweden. First, we have a regional referring system, 32 and secondly, there were small losses to follow-up, minimizing the risk of any systematic bias. The inclusion of long-term follow-up data of adequate controls is another strength of the study design. This made it possible to differentiate late cognitive effects of surgery from age-related changes over time and to assess the magnitude of test-retest effects. The study results and especially the lack of progressive decline in verbal memory from 2 to 10 years after TLR will hopefully be valuable in the counseling process when the irrevocable treatment option of epilepsy surgery is discussed.
